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The Story of the Rail 
How Scientific Tests Are Solving Some Outstanding Transportation Difficulties 

By George H. Dacy 

signed and counterbalanced from a tech
nical and scientific standpoint. Thorough 
studies have been made of why rails 
break under service and the results will 
be of great value in preventing the repeti
tion of such accidents. The correct spac
ing of the drivers and other wheels has 
been investigated-up to a limit of six 
feet, the closer the wheels are the better 
for the rail. The effect of flat spots on 
car wheels and theill' action on the rail 
have been thoroughly investigated. Flat 
spots are particularly inj urious to rails 
where the brakes of the car are abruptly 
and tightly applied, while such actions in
crease the damage to the wheel. Briefly, 
these detailed tests will result in the po
tential standardization of chilled, iron 
car-wheel design and steel rail utilization. 
In the future as a Il'esult of this experi
mental work, greater efficiency will ob
tain from the service of railroad track- . 
age and car wheels. 

S INCE the inception of modern rolling 
stock, more powerful locomotives and 

improved roadbeds, the universal tend
ency has been for the railroads to over
load freight cars without proper and 
complete knowledge concerning the stress 
and strain and wear and tear which the 
various types of chilled iron car wheels 
would withstand. Annually, innumer
able failures of car wheels and even seri
ous wrecks are due to this lack of the 
scientific standardization of the car wheel 
industry. Evidently, the railroads have 
been too busy to tackle and solve the 
problem as they largely have followed 
theoretic.al guesswork as a guide in many 
of th·eir car wheel activities. The trans
pqrtation department of the University 
of tliinois' College of Engineeriug has set 
out to solve these problems as well as 
m�ny others relating to railroad trans
portation riddles. In some of this ex
perimental work, the college authorities 
are working in cooperation with the 
American Society of Civil Engineers and 
the American Railroad Engineers' Asso
ciation, while in others the Illinois institu
tion is doing free lance research work. 

Close-up phantom view of the mechanism that conveys the impression of the 
rail strain from the rail to the recording apparatus 

The question of how heavy rails should 
be to withstand the traffic of different 
weights and types of locomotives has been 
covered and an intensive investigation of 

Some of the railroad track stUdies have been in prog
ress seven years and are the most complete of their 
kind ever attempted and consummated. 

The car wheel tests at present in progress are de
signed for the definite determination of the various 
stresses set up in different parts of the car wheel when 
the brake is applied on a long mountain grade. This 
strain often is sufficient to disrupt and collapse the 
wheel and many accidents and wrecks on such grades 
are directly due to the lack of standardization and 
complete knowledge concerning the responses which 
the individual wheels will make to a wide range of 
stresses and strains. Stress and strain compensations. 
in many instances, are responsible for holding car 
wheels together, the disruptive operations of one agent 
counterbalancing those of another. When the chilled 
iron car wheels are forced on the car axle-they must 
fit very tight-an enormous stress is produced at the 
wheel center. O ther stresses are developed with the 
application of the brakes. Chilled i ron wheels are 
preferred by many railroads to all-steel wheels, because 
they wear better on steel rails and because they are 
cheaper. 

The Illinois tests involve complete study of the 
strains developed in the wheel when the car load is 
transferred to the rails through the wheels, the com
pensating stresses which are produced in the wheels, 
and the loads which would collapse flanges under a 
wide range of conditions. The purpose of these tests 
is to ascertain positively what stresses are set up in 
the wheels under service, what shape and design of 
wheels will best meet these requirements, how thick 
the wheels should be" how heavy and what proportion 
of iron is necessary in the construction of the wheels 
to make them safe and durable. These car wheel tests 

sponses at all parts of the wheel under varying types of 
service, load., grade and braking. Special strain gages 
are used to measure the stretch and strain produced 
in the wheels in both rthe radial and circumferential 
directions. 

The investigations of railroad tracks are performed 
partly in the laboratory and partly under actual field 
and service conditions. Very detailed studies of the 
rail, railroad crosstie, rail j oint and ballast have been 
made. Under actual service conditions, all types of 
locomotives and cars have been studied operating at 
speeds ranging from one mile to sixty miles an hour .. 
Special recording instruments have been devised which 
are attached directly to the rail ; and by the use of 
glass-smoked disks and a recording pencil, a line is 
drawn on the disks when the rail is subj ected to the 
strain of the load distributed over it when a locomo
tive or train wheel passes. The deviations of this line 
from a true circle are accurate indications of the 
stress, compression and stretch induced in the rail 
when subjected to the burden. In exceptional in
stances, a stress of as high as 50,000 pounds a square 
inch has been developed in the rail by the action of 
certain locomotive wheels. It is worthy of special 
mention that more than 400,000 microscopic readings 
were recorded during the summer of 1920 in the field 
investigational operations. Track tests were made 
on the Illinois Central Railroad near Champaign, on 
the Chicago, Milwaukee & St. Paul RaiLroad north of 
Chicago, on the Topeka and Santa Fe Railroad in 
Iowa and New Mexico, and on the Delaware, Lacka
wanna and 'Western Railroad in New Jersey in order 
to obtain results of countrywide application. 

Research studies have been made of different types 
of locomotives to determine if they were properly de-

all types of rail j oints to ascertain the· 
proper length and shape has been completed. The rail
road ties have not been neglected as they have been 
carefully scrutinized from all possible angles regarding 
their bend, their bearing in ballast, what happens if 
the ties are not tamped thoroughly or are tamped too, 
much in one spot. Complete data have been obtained 
concerning the most efficient designs for steel and re
enforced, concrete ties. Scientific observation of the· 
ballast have included h ow the pressure is distributed 
downward from the tie through the ballast ,and later
ally through the roadbed foundation so as to decide 
the exact amount of ballast essential for best results, 
particularly in cases where the roadbed is soft. For 
ordinary light traffic, gravel and cinders generally con-· 
stitute satisfactory ballast, but where the traffic is, 
heavy, crushed rock and broken stone are preferable. 
These tests will be continued and carefully rechecked 
until absolutely reliable data are obtained in conclu
sive amounts. 

Explosions Caused by Aluminum Dust 

T HAT aluminum dust may be the cause of a serious, 
explosion, similar to that caused by coal dust or 

other materials, is evident from a description of the cir
cumstances under which a fatal explosion of aluminum 
dust took place in a finishing department of a plant 
making aluminum utensils. 

The finish was obtained by polishing the utensils on 
lathes, the dust being collected in hoods feeding into a 
duct running under the bench and leading to an exhaust 
fan. This fan delivered the dust into a vertical pipe

which h ad its discharge on the roof of the building. The
explosion was due to a piece of No. 7 B. and S. gage 
iron wire which had somehow got into the discharge 
pipe and had come into contact with the blades of the 

fan, thereby, no doubt, creat
ing a spark which ignited 
the dust. The explosion 
was fatal . to the operatives 
working near the blind end 
of the suction pipe. 

The new ·  ventilating sys
tem provides for induced 
ventilation. The hoods col
lecting the dust from each 
brush are led independently 
outside the building, and 
clean air under pressure is 
provided from a pressure· 
fan through a duct again 
running under the bench, 
this air being blown into 
the exhaust ducts coming 
from the lathes, inducing 
the necessary depression in 
the hoods. The dust is kept 
from contact with moving 
machinery and the danger 

at Champaign, Illinois, have 
already consumed five years' 
work as, at the outset, the 
investigators were working 
on new problems. There 
were no precedents to steer 
their experiments by. They 
had to devise and develop 
original testing machines 
which, under laboratory 
conditions, would permit of 
duplicating the wear, serv
ice and traffic conditions to 
which the car wheels would 
be subjected in actual serv
ice. The measurement of 
such stresses is a slow, 
time-exhausting process and 
it takes long periods of un
tiring effort to attain satis
factory and rermanent re
sults. In the test work, elec
trical contacts and thermo
couples are employed to de
termine the temperature re-

The rail-recording device, that gives smoked-glass graphs of the stress and strain produced by the 
passage of each wheel of the train 

. of an explosion is practically 
eliminated. 
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